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Introduction to Land Data Assimilation Systems (LDASSs)
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A (Sff%% The Hydrologic/Water Cycle

¢ The endless movement of water
between the land, oceans and
atmosphere

¢ Water moves across different
reservoirs (ocean, rivers,
atmosphere) through the physical
processes of evaporation,
condensation, precipitation,
infiltration, runoff and subsurface
flow

¢ Water goes through different phases
during various stages of the water
cycle

Each phase change involves 100
exchange of energy (and
temperature changes)

©

¢ Evaporation — takes up energy, cools the
environment

Temperature ('C)
o

¢ Condensation — releases energy, warms
the environment -100
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Importance of Hydrology

* Fresh Water Resources and Availability
* Climate Change

« Agricultural planning
« Drought assessment
« Weather forecasting

« Water quality

* Food security

« Air quality

« Military applications




Key processes of the water cycle

Transformation of water from liquid Water escapes through the stomata (small pores Soil moisture: Variable
to gas phase on the leaves). Plants regulate the rate of representing reservoir of water on
transpiration by controlling the size of stomata land; controls the exchanges of
Transpiration: water taken up by the water and energy between the land
plants released to the atmosphere Under water stress conditions, plants would and atmosphere; affects
close the stomata to conserve energy evapotranspiration, runoff,
Difficult to separate the processes of infiltration.
evaporation and transpiration; often
called evapotranspiration Soil moisture levels are related to

water resource applications; plant

growth, water stress, droughts,
floods

Reflected and
Longwave
Radiation

Different forms of
precipitation: Rain,
snow, hail, fog, drip, <

Transpiration

graupel, sleet

Snow: Another variable
xa Energy representing reservoir of water on
Many of the water Balance X EPY Balance land; intimately affects runoff,
related problems are Interceg’ﬁo'ﬁ'Resérv;ﬁr - - P
- - 5 infiltration.
related to the fact that — ;N '51!?/ Ve ‘_' s 0B
precipitation is not ~y RN S S g g % In many mid-latitude and high-
evenly distributed in 2 g T Y 5

altitude regions, the seasonal
water storage and associated
spring melt dominate the local
hydrology.

Longwave
Radiation

space and time

Infiltration: Some of the
precipitation on land seeps into
the ground to be stored in aquifers,
transported to lakes and streams
through subsurface flow

Groundwater/aquifer: water
stored in the saturated zone. The
top of the aquifer is called water
table

Drainage

Groundwater accounts for almost
: 33% of total water withdrawals

| | worldwide; Key as a strategic
reserve in times of drought; often
ignored in management decisions.

Runoff: Water that does not infiltrate the soil runs off
across the surface into streams, rivers, lakes.

Unsaturated 2¢

Runoff and infiltration contribute to natural hazards such Capilary Fng
as ﬂOOdS Saturated zone

below the water table

(Ground water)




Technique

Remote sensing

Advantages

Spatial coverage

Challenges of water cycle monitoring

Disadvantages

Resolution; Sensing
limitations; retrieval
errors




%@6 . Land Surface Observations: in-situ
6

Precipitation: Surface Gages and Doppler Radar
Radiation: DOE-ARM, Mesonets, USDA-ARS ‘
Surface Temperature: DOE-ARM, Mesonets, NWS-ASOS, .

Soil Moisture: DOE-ARM, Mesonets, Global Soil Moisture Data Bank,
USDA-ARS

Groundwater: Well Observations

Streamflow: Real-Time Stream Gauge

Vegetation: Field Experiments

Soils: Field Experiments




) Snow cover fraction

Land surface temperature
(MODIS, AVHRR,GOES,...)

Surface soil moisture
(SMMR, TRMM, AMSR-E,
SMOS, Aquarius, SMAP)

Snow water euivalent (MODIS, VIIRS, MIS)
(AMSR-E, SSM/I, T
SCLP)

Radiation
(CERES, CLARREO)

Reflected and
Longwave
Radiation

Evaporation
Transpiration

&
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(AVHRR, MODIS, DESDynl,
ICESat-II, HyspIRI, LIST,
ASCENDS)

Drainage

Satellite observations
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‘What are “Land surface models”?

Reflected and
Longwave
Radiation
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Drainage

Land surface models solve for the interaction of energy, momentum and mass
between the surface and the atmosphere

R, =X+ SH+G %:P—E—R

Estimates fluxes, land conditions (soil moisture, snow, runoff, ...)
e.g. : Noah, CLM, VIC, Catchment, JULES ...




How do we combine the information
from satellite observations and
models?

Models Observations

Data assimilation is the method used to incorporate
observational data into model forecasts

Like a “sleepy-driver”
scenario
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\/ Q‘\“ Land Data Assimilation Systems
ZESE (LDASs)

Philosophy: Use best available observations to inform
models

¢ NASA Land Information System (LIS;
http://lis.gsfc.nasa.gov) - infrastructure that enables LDASs  s=irnmumonainies —

modeling techniques to produce optimal fields of land surface states and fluxes.

NasA LIS Framework  aou- pocs- Souce

Land Information System

4

Software Suite

LIS 7.1 Release

The LIS development is led by the Hydrological Sciences Laboratory at NASA's
Goddard Space Flight Center.

¢ Used in several US and international agencies, UNIiversities  oumme usrmmon
for research and applications (Famine early warning, crop '
forecasts, water resources management, ...)
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Observations
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Modeling and
Data Assimilation

Applications
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A little bit of history..

North American LDAS

- NOAA, NASA, (and 6 other US institutions) 1998-present ) "

- 1/8 degree resolution, central North America s AS American

Global LDAS 1/8th degree
spatial resolution

- NASA (and NOAA) 2000-present -

- 1/4 and 1.0 degree resolutions, all land 60S-9oN

Land Information System (LIS)

- NASA 2002-present

- Software configurable for any domain and resolution Global LDAS |
. e e L . 1/4th degree spatial resolutio
- Multiple data assimilation options

- Can be run uncoupled or coupled to an atmospheric model 1'% |

global, region
up to 1km an



The LIS environment Applications
LIS - OPT/UE

Optimization and Uncertainty Estimation

(LM, SCE-UA,GA, RW-MCMC, DEMC) @ Water management
| |
Yy
Data Assimilation (EnKF, EnKS) |
lgpe  epr g Weather and

o~ —
'A

climate

States (Soil Moisture, L|S - LSM
Snow, Skin Observations (Soil Agricultural
- T‘f’f‘?_er‘_“iu_r_e) Moisture, Snow, Skin gl ement
: : Land Surface Models (Noah, Temperature, Terrestrial g
A CLM,VIC, Catchment, JULES, Water Storage)
S Sacramento, CABLE), Lake ‘r - ~
_Pmmem models (FLake) y e
(Topography, Soil |
properties, vegetation aredness
— properties) PP

...........

Water and Energy
Fluxes, Soil Moisture and

Temperature profiles, »
=P Land surface states : '
........... Military/Mobility

Meteorological E E applications
Boundary Conditions | :
(Forcings) Seeseeeeead :

-----------

Public Health
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Examples of LDAS applications...




monitoring using soil moisture,
evapotranspiration, streamflow, groundwater e
estimates Nore: i page i b?s_:-DAS rought onitor

DISCLAIMER: Any data p ed on th
This data should NOT be relied on
f:

MOSAIC LSM OUTPUT: o NOAH LSM OUTPUT:

Example: NLDAS drought monitor (

http://www.emc.ncep.noaa.gov/mmb/nldas/
drought/)

Data assimilation can be used further improve
drought estimation

US drought LSM based LSM based drought
monitor drought estimate estima’Fe yvith data
assimilation

D4 03 02 Dt 0

Impact of soil moisture DA on drought estimates
(May 10-17, 2011).




LDAS for flood monitoring

Runoff, streamflow fields from LDASs can be used for flood monitoring

Improvement in Snow Cover

Probability of Detection (POD) When Improvement in Streamflow When Assimilating satellite
Assimilating satellite snow data snow data (Upper Colorado River at Lees Ferry)
2000 T T T T T T T T T T T
0.4 e OBS
OL
lo.o 1500t — DA -
@ Model with blended AMSR-E
10 E 1000}  Model without blended AMSR-E
E
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g}.@:\ - LDAS for estimating crop water

requirements

The simulated soil moisture fields from LDAS is used to compute the water
requirement satisfaction index (WRSI) and is compared to satellite derived (MW)

data.
T ' T ' 1 ¥ I L
B - MW-WRSI |
120 — Original-WRSI
- Noah-WRSI
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?fﬂ \@}_\0 LDAS for global crop product decision
%@ support system

The US Department of Agriculture uses soil moisture outputs from LDAS towards
crop product decision support

Soil moisture data from satellites (SMOS, SMAP) are incorporated into the land
surface models for improved simulation of soil moisture states.
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60S " ' ' : ' ' ' ' '
T50W 120w 90w BOW 30W 0 30E 60E 90E  120E  150E 180

|
-0.4 -0.3 -0.2 -0.1 0 0.1 02 03 04

Skill improvements in soil moisture fields from incorporating
satellite soil moisture observations (warm colors indicate skill

improvements, cool colors denote skill degradations)




Realistic simulation of land conditions from a LDAS can be used to initial weather
and climate models, leading to improved weather forecasts

Example 24-Hour

.f/{ " /_ > Ahead Atmospheric
/ Model Forecasts
Dulele Creak: e

Viatarsrad,
Lorle war

With Realistic Soil Moisture Without Realistic Soil Moisture

o Observed Rainfall for Colo»rado Flood Event
0000Z to 04007 13/7/96
(Chen et al.,, NCAR)
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J http: // dlsc.gsfc.nasa.gov/ hydrology

« Access via GDS, FTP, or quick-look visualization in
Giovanni (below right)

« GRIB and NetCDF formats
« 3-hourly and monthly; 1.0° and 0.25° global grids
 On-the-fly subsetting (below left)
« Full documentation

« NLDAS & GLDAS support a growing number of
national and international hydrometeorological
investigations and water resources applications

=« EARTHDATA Data Discovery ~ DAACs ~ Community ~

GES DISC

Hydrology

Atmospheric Composition, Water and Energy Cycle, and Climate Variability Data

(]'-)Z(I.) Datasets Showing (32) datasets associated with Hydrology...
Refine By
Temporal Spatial Process
Image Dataset Source Resolution Resolution Level

GLDAS Noah Lar riacE Model Models/Analyses 1 month 025°x025°
L4 ma cmhf) 0.25x C degree Noah-LSM

HCAHC 1.020
GLDAS Noah Land Surface Model Models/Analyses 1 month 1°x1°
L4 monthly 1.0 x 1 D degree Noah-LSM
Version 2.0
(GLDAS_NOAH10_M.020
QLD—\S Noah La uriac Model Models/Analyses 3 hours 025°x025°

d Noah-LSM
V on 2
(GLDAS_NOAH025_3H.020
GLDAS Noah Land Surface Model Models/Analyses 3 hours 1°x1°
L4 3 hourly 1.0 x 1.0 degree Noah-LSM
Version 2.0
(GLDAS_NOAH10_3H.020
NLDAS Secon: ar\ Fc l: g Data Models/Analyses 1 month 0.125°x0.125
L4 Monthly 0.12! & Forcing-LSM e
(NLDAS, FORBD\ S
NLDAS Second: ar) For c ng Data Models/Analyses 1 hour 0.125°x 0.1
F ‘ L4 Hourly c 125 0.125 degree  Forcing-LSM °

(NLDAS_FORB0125_H CC

NLDAS & G

Q
National Aeronautics Search ISC
Feedback  Help and Space Administration [+6o]
+ Advanced Search
+ ABOUT GIOVANNI + NEWS + INSTANCES + FEEDBACK + RELEASE NOTES + HELP
Global Land Data Assimilation System (GLDAS)
Begin Date + End Date 0.25 Degree Monthly Products
1948-01-01 20101231 Home |Resuit#1 0 x || Resuitz2 @ = |[ESTEE] Remove Al
s
Vi ization R Download Data ProductLineage Acknowledgment Policy
1948-01-01 2010-12-31
GLDAS_NOAHO25_M.001 Takal lvn %ta'%nsplrauun [{10*=5)kg/m*2 /5]
- T
. £
1948-01-01 2010-12-31
1948-01-01 2010-12-31
1979-01-01 present
-0.731 0.985 2702 4418 8.135 7.851
1979-01-01 present
Edit Plot Preferences || Refine Constraints* |
* Applies to the whole results set (all plots)

LDAS Data Availability

NLDAS
0.125°, 1979-present (operational at NOAA/NCEP, 3.5 day latency),
to 53N, -125 to -67W, hourly/monthly: Noah, Mosaic, VIC

GLDAS v1
1.0°, 1979-present (1-2 month latency): Noah, Mosaic, VIC, CLM2
0.25°, 2000-present: Noah w/ MODIS snow cover assimilation

GLDAS v2
1.0° & 0.25°, 1948-2012: Noah

GLDAS v2.1 & v2.2 (coming soon)

Catchment, VIC, CLM4.5

1.0° & 0.25°, 1948-present, with multivariate data assimilation: Noah,

25
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Land Data Assimilation Systems have been developed for central North
America (NLDAS), Europe (ELDAS), South America (SALDAS), Middle
East North Africa (MENA-LDAS) and the globe (GLDAS)

The common goal of these projects is to integrate all relevant data in a
physically consistent manner within sophisticated land surface models to
produce optimal estimates of hydrological states (e.g. soil moisture,
surface temperature) and fluxes (e.g. runoff, evapotranspiration)

The Land Information System (LIS) is an efficient and configurable
software that can be used to specify an instance of LDAS

LDASs have been used for water availability applications including
drought/flood monitoring, agricultural management, weather and
climate initialization.




Import Water Budget Data into GIS




Live demonstration of Giovanni water budget
A% data access, GIS import and analysis

October 27, 2015
(Released Thursday, Oct. 29, 2015)
Valid 8 a.m. EDT

Drought impact Types
~ Delineates dominant impacts
S= Short-Term, typically less than
6 months (e.g agriculture, grasslands)
L= Long-Term, typically greater than
6 months (e.g. hydrology, ecology)
Intensity

DO Abnormalty Dry
[C] D1Moderate Orought
I D2 Severe Drought
Il O3 Extreme Drought
Il D4 Exceptional Drought

Brad Rippey
US Department of Agniculure ‘\

Reference, US Drought Monitor
October 27)



Giovanni Version 4

http://giovanni.qgsfc.nasa.gov/giovanni/

October 27, 2015
(Released Thursday, Oct. 29, 2015)
Valid 8 a.m. EDT

. " Drought Impact Types
£~ Delineates dominant impacts
S= Short-Term, typically less than
6 months (e.g. agriculture, grasslands)
L= Long-Term, typically greater than
6 months (e.g. hydrology, ecology)
Intensity

DO Abnormalty Dry

D1 Moderate Orought
I D2 Severe Drought
Il O3 Extreme Drought
Il D4 Exceptional Drought

Author: ’ \ y
Brad Rippey
U S Department of Agricullure ‘-\

Reference, US Drought Monitor
October 27)




NLDAS Data Access - Giovanni Version 4
data portal

http://giovanni.gsfc.nasa.gov/giovanni/

Data Discovery ~ Data Centers ~

ome page

GIOVA The Bridge Betwe®n Data Science v4.12 Release Notes Browser Compatibility Known Issues
GOCART data no Ionger available... [1of 1 messages] Read More

s EARTHD. Community ~ Science Disciplines ~

Select Piot AnalysislPIot
[ ® Maps: Time-Averaged ¥ ] Comparisons:  Select.. ¥ Time Series: Select.. ¥ Vertical: Select.. ¥ Miscellaneous: Select... ¥ Options
T
- - e Time-Averaged | Show Map | Show Shapes |
Valid Range: 1979 Interactive map of average over time at each grid cell
Details...

Select Variables

¥ Disciplines Animated riable(s) included in Plot: 0

AERILELIY Map animated along the chosen timeline for each grid cell | Search | Clear |
Atmospheric Cl

Atmospheric Dy Details...
Hydrology (114 Dropdown Menu
Water and Enel User-Defined Climatology .
Quasi climatology map options
Aerosol Index ( Details
Air Pressure (6 -
Altitude (4) Accumulation of measurement over time at each grid point Averaged
Angstrom Expc Details
Atmospheric M
Eﬂ“, ) Difference of Time Averaged

Difference of two time averaged variable maps ‘ Help H —— H I ‘ Blot.Data

Details...




Giovanni Version 4

http://giovanni.gsfc.nasa.gov/giovanni/

Select Date Range (UTC) Select Region (Bounding Box or ShapeﬂIE)
YYY-MM-DD HH-mm Format: West, South, East, North
2010 -01 -01 f=d : o (2010 -12 -31 = -180, -50, 180, 50 | Show Map | Show Shapes |
Valid Range: 1979-01-01 to 2015-11-09
Temporal Search
Select Variables J Options

Aerosols (128) Keyword : E .
Atmospheric Chemistry (36) Click calendar to choose
Atmospheric Dynamics (135) the date range of
Cryosphere (4) . .
Hy’drofogy (252) interest. Ve will choose
Ocean Biology (5) yearly parameters. So
Oceanography (4) . .
Water and Energy Cycle (265) begm with Jan I’ 2010 to

¥ Measurements Dec 31 5 2010.
Aerosol Index (3)
Aerosol Optical Depth (2)
e TR Repeat for all years
Air Temperature (29) (20 10-201 5) for each -
Alhedn (10) |

parameter.




Giovanni Version 4

http://giovanni.gsfc.nasa.gov/giovanni/

GIOVANNI The Bridge Between Data and Science v4.16 Release Notes Browser Compatibility Known Issues
Time-Averaged Scatter temporarily unavailable... [1 of 2 messages] Read More

Select Plot

[ = Maps: Time Averaged Map "] v Time Series: Select.. ¥ v Miscellaneous: Select.. ¥
Select Date Range (UTC) Select Region (Bounding Box or Shapefile)

YYYY-MM-DD. HH:mm Format: West, South, East, North

2010 -01 -01 = : 10 (2010 -12 -31 = : US States : California | Show Map | Show Shapes | S at-

ial Search
Valid Range: 1979-01-01 to 2015-11-09 k3 p
Select Variables Shape fles Shaes
Countries Alabama .

¥ Disciplines +  Number of matching Va3

Aerosols (128) Keyword : US States Alaska

Atmospheric Chemistry (36) \Watersheds American Samoa
Atmospheric Dynamics (135)

Cryosphere (4) Arizona

Hydrology (252) Arkansas

e |

Oceanography (4) _

Water and Energy Cycle (265) Colorado v
< »

Aerosol Index (3) Source: TIGER/Line. US Census Bureau

Aerosol Optical Depth (2)

Air Pressure (16)

Air Temperature (29)

Albedo (10)

Altitude (4)

Angstrom Exponent (16)
Atmospheric Moisture (34)

Buoyancy (1)

CH4 (8)

CO(8) v

A A

‘ Done H Clear Shape Selection ‘

‘ Help H Reset H Feedback ‘ Plot Data |




Giovanni Version 4

http://giovanni.qgsfc.nasa.gov/giovanni/

GOCART data no longer available... [1of 1 messages] Read More
Select Plot

[ * Maps: Time-Averaged ¥ ] Comparisons: Select... ¥ Time Series: Select.. ¥ Vertical: Select.. ¥ Miscellaneous: Select... ¥
Select Date Range (UTC) Select Region (Bounding Box or Shapefile)

YYYY-MM-DD HH:mm Format: West South, East North

2014 -07 -01 & to (2014 -07 -07 &= -180, 50, 180, 50 Show Map | <

Spatial Search

Valid Range: 1979-01-01 to 2015-03-16

Select Variables =

Disciplines

Aerosols (117)

Atmospheric Chemistry (18)
Atmospheric Dynamics (64) H ; ( e
Hydrology (114) y? 7 W A% | o0v00N
Water and Energy Cycle (120) AR5 N

Measurements

Show

Aerosol Index (1) ' T A5°008
Air Pressure (6) <
Air Temperature (15) o~ L

A0l — " Re00W 90°00W TH500W  00°00E  45°00E 90H0E  13500E <
Altitude (4)

Plor Data

jiovanni.gsfc.nasa.gov/giovanni/#

Powered By:




Giovanni Version 4

http://giovanni.gsfc.nasa.gov/giovanni/

« EARTHDATA Data Discovery ~ Data Centers ~ Community ~ Science Disciplines ~

GIOVANNI The Bridge Between Data and Science v 4.12 Release Notes Browser Compatibility Known Issues
GOCART data no longer available... [1of 1 messages] Read More

Select Plot
[ ® Maps: Time-Averaged ¥ Comparisons: Select... ¥ Time Series: Select... ¥ Vertical: Select.. ¥ Miscellaneous: Select... ¥
Select Date Range (UTC) Select Region (Bounding Box or Shapefile)

VV'VV_RAA_ DD LIl rmm rmat: Weaet <niith East A ~h
YYYY-MM-DD HH:mm Format: West, South, East, North

e I T - || -180, -20, 180, 90 | Show Map | Show Shapes | Either type the variable
Valid Range: 1979-01-01 to 2015-03-13 |n the Keyword Sear’Ch

Select Variables

¥ Disciplines Number of matching Variables: 0 of 331 Total Variable(s) included in Plot. O R

Aerosols (117) Keyword : Search l Clear |
Atmospheric Chemistry (18)
Atmospheric Dynamics (64)
Hydrology (114)

Water and Energy Cycle (120)

Navigate through the

Aerosol Index (1) Select Variables list
Air Pressure (6)

Air Temperature (15)
Albedo (8)

Altitude (4)

Angstrom Exponent (16)
Atmospheric Moisture (23)
CH4 (4)

A~ can

‘ Help H Reset H Feedback “ Plot Data




Giovanni Version 4

http://giovanni.gsfc.nasa.gov/giovanni/

mber of matching Variables: 31 of 581 Total Variable(s) included i
yword : NLDAS VIC | Search | Clear |

Variable Name Source Temp. Res. Spat. Res. Begin Date End Date Units Vert. Slice

Rainfall (unfrozen

precipitation) (NLDAS_VICO125 M v002) ——— izt

Igou;l) evapotranspiration (NLDAS_VIC0125 M NLDAS Model 1979.01.02

Latent heat flux  (NLDAS_VIC0125_M v002) NLDAS Model Monthly 0.125° 1979-01-02 2015-09-30 W/m#2

Canopy water evaporation  (NLDAS_VIC0125 M 0
o Conopy vaterevaporaion (MLDAS VICUIZS M pag ppogey Monthly 0.125 19790102 20150930 Wim2 -

v

‘ Help H Reset H Feedback ’ Plot Data I

Rainfall (unfrozen) and Total evapotranspiration (NLDAS VIC
Annually Temporal Resolution)

(there are more variables to acquire here as well, including runoff, soil
. . , : When
moisture, snow water equivalent, etc. The variables you will need to calculate fnished
your water budget will depend upon the complexity of your model). ! ’
: : , Click
GPM IMERG data will also be appropriate to obtain here. Plot




Giovanni Version 4

http://giovanni.gsfc.nasa.gov/giovanni/

Time Averaged Maps will be generated with the variables displayed for the year 2010 in region

essages] Read More

‘1. Time Averaged Map

1. Time Averaged Map

~"History

Time Averaged Map of Rainfall (unfrozen precipitation) monthly 0.125 deg. [NLDAS Model NLDAS_VIC0125_M v002] kg/m~2

2 Image &5 Options

over 2013-Jan - 2013-Dec. Shape California
Orezon

Lifc d Statc

on South D3 A3617
: Montan 7
A—
. A4A4500'N 182
a - X
- Iciy Icibsdeo :
minZ2N Y Ooamin 2
<t Initc d Statcs St e A42°00°N
N aibor
slikornia
|||||||
ol 40°00°'N
Unitd d Statcs L3
tah Utah Linitcd Stajcs
. lorado
ah ah olon 38°00'N
lllllllll
Stateg ¥  Unitcd|Statcs
36°00°'N
Fizomsly & \ridz enay oy texicofN cww MIc I
34°00°'N
Zonall

e N ew M sy ddcxico

2ansnna




Giovanni Version 4

http://giovanni.gsfc.nasa.gov/giovanni/

You can download the data files in either NetCDF GeoTIFF or PNG formats.
NetCDF format is easily imported into ArcMap.
Click the links to download to your desired location on your computer.

GIOVANNI The Bridge Between Data and Science v4.16 Release Notes Browser Compatibility Known Issues

Time-Averaged Scatter temporarily unavailable... [1 of 2 messages] Read More

2. Time Averaged Map - History
- 2. Time Averaged Map
Click on file links to download. Files contain data portrayed in the plotimages. = User Input
NetCDF: Plots
a4 timeAvaMap.NLDAS VIC0125 M 002 asnowsfc.20100101-20101231.124W 32N 114W 42N.nc Downloads
a4 timeAvaMap.NLDAS VIC0125 M 002 weasdsfc.20100101-20101231.124W 32N _114W _42N.nc
g4 timeAvaMap NLDAS VIC0125 M 002 arainsfc.20100101-20101231.124W 32N 114W_42N.nc Lineage
g4 timeAvgMap.NLDAS VIC0125 M 002 evpsfc.20100101-20101231.124W 32N 114W 42N.nc - 1. Time Averaged Map
g4 timeAvaMap NLDAS VIC0125 M 002 barunsfc.20100101-20101231.124W 32N _114W 42N.nc User Input
a4 timeAvaMap NLDAS VIC0125 M 002 ssrunsfc.20100101-20101231.124W 32N 114W 42N.nc P
PNG: Plots
g4 timeAvgMap.NLDAS VIC0125 M 002 asnowsfc.20100101-20101231.124W 32N _114W 42N.png Lineage
a4 timeAvaMap.NLDAS VIC0125 M 002 weasdsfc.20100101-20101231.124W 32N 114W 42N.png Downloads

a4 timeAvaMap .NLDAS VIC0125 M 002 arainsfc.20100101-20101231.124W 32N 114W 42N.png
a4 timeAvaMap NLDAS VIC0125 M 002 evpsfc.20100101-20101231.124W 32N 114W 42N.png

a4 timeAvaMap .NLDAS VIC0125 M 002 barunsfc.20100101-20101231.124W 32N 114W 42N.png
a4 timeAvaMap NLDAS VIC0125 M 002 ssrunsfc.20100101-20101231.124W 32N 114W 42N.png

GeoTIFF:
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Import our hydrology data - Under the Geoprocessing Tab, Open the ArcToolbox.Open the
Multidimensional toolbox, choose the Make NetCDF Raster Layer tool




Import into GIS (ArcMAP)

lat
Output Raster Layer\

precipitation_Layer

Dimension Values (optional)

Dimension

<1

Value Selection Method (optional)

BY VALUE

input value is
matched with the
actual dimension
value.
BY_INDEX— The
input value is
matched with the
position or index of
a dimension value.
The index is 0
based, that is, the

position starts at 0.

Is — ~— - - - | —_—
'@ GPM_Arthur_2014 - ArcMap R |y
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help '
ODggEas - @ x| 9 | P -] 1:60.000000 - |[:Z] B G B @ | Fe g
| m—————————————————————————————e—— eee————————
. # Make NetCDF Raster Layer o o= S|
: Input NetCOF File Value Selection TR
:\Users\B-Rgg@ownloads\38-MO.MS.MRG. 3IMERG. 20 140312-5000000-£235959.03.V03D.HDF5.nc Method (optional)
Variable . X i ools
precipitation Specifies the dimension ol
) ! value selection method. ols
XID|menS|on by Tools
on
A e BY_VALUE— The Tools
Y Dimension y perability Tools

gement Tools
Is
Tools
al Analyst Tools
encing Tools
nsion Tools
to NetCDF
etCDF Feature Layer
CDF Raster Layer
etCDF Table View
o NetCDF
)y Dimension
b NetCDF
alyst Tools
c Tools

Tools
lyst Tools

stics Tools
alyst Tools

y

-6564126.843 10366091.206 Meters

For the input field, Input netCDF File: Navigate to and click on the previously downloaded files (one
by one).The remaining fields will fill in accordingly, KEEP the default values.You may change the output file
name if you choose. Click OK.




Import into GIS (ArcMAP)
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The result will be in raster format in ArcMAP.
This is the area averaged snowfall for the state of California for 2010.
Raster files are ideal for spatial analysis tools and for model input.
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You will want to import all variables of interest for all years to prepare for the spatial analysis of your
water budget.

For reference upon importing, the naming conventions for the NLDAS variable files are below:

Subsurface runoff: g4.timeAvgMap.NLDAS_VIC0125_M_002_bgrunsfc
Rainfall (unfrozen precipitation): g4.timeAvgMap.NLDAS_VICO0I25_M_002_arainsfc
Rainfall (frozen precipitation): g4.timeAvgMap.NLDAS_VICO0I25_M_002_asnowsfc
Total Evapotranspiration: g4.timeAvgMap.NLDAS_VICO0125_M_002_evpsfc.
Surface runoff (non-infiltrating): ssrunsfc.
Accumulated snow water-equivalent: g4.timeAvgMap.NLDAS_VIC0125_M_002_weasdsfc.
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Qéﬁf‘ % Spatial Analysis

Once all variables are imported into your GIS, given the different
complexities to the various models and raster calculations needed to
derive a water budget, please refer to relevant literature to determine

the appropriate model inputs and variables needed for your region,
watershed or basin.



Common GIS Data Layers and locations to find them

Rivers/Basins

USGS HydroSHEDS

http://hydrosheds.cr.usgs.gov/

Population NASA Socioeconomic Data and Applications Center (SEDAC) http://sedac.ciesin.columbia.edu/
Elevation Consortium for Spatial Information (CGIAR-CSI) http://srtm.csi.cgiar.org/
Reservoirs NASA Socioeconomic Data and Applications Center (SEDAC) http://sedac.ciesin.columbia.edu/
Soil Type ISRIC - World Soil Information http://www.isric.org/

Dams NASA Socioeconomic Data and Applications Center (SEDAC) http://sedac.ciesin.columbia.edu/
Infrastructure See various local/state/regional GIS data sites

Land Use Waterbase http://www.waterbase.org




